ABSTRACT
INTRODUCTION
These days, with advancements in treatment options, rehabilitation using implants has become a popular treatment option among patients. Many factors are associated with implant survival and stability. These factors include both patient-related (such as bone quality and quantity) and nonpatient-related factors (such as implant design and surgical procedure). 1 The success of dental implants depends primarily on the primary implant stability and the bone density so that predictable osseointegration can be achieved. 2, 3 To achieve the desired results, a systematic preoperative planning for implant placement is required.
To assist in the planning, new techniques are being continuously introduced and checked for their reliability and specificity. One such method of the estimation of bone density gaining interest is the use of CBCT in determining the implant site by evaluating the bone density. Just after the introduction of multislice CT for preoperative evaluation of bone density in HU, various classifications were proposed for standardization. Shortly, CBCT has gained importance, as it is associated with benefits, such as increased patient comfort, lower radiation doses, and lower operating costs compared with conventional CT. It has been reported that CBCT provides submillimeter isotropic voxels allowing accurate measurements, with minimal magnification and distortion (error <0.1 mm), allowing safe dental implant insertion. 4 It has been reviewed that CBCT values are influenced by various other additional factors, such as the kind of device used, imaging parameters, and its positioning. Thus, the present study was aimed to assess the reliability of preoperative bone density of mandibular posterior region for implant placement using CT-derived bone densities in HU.
MATERIALS AND METHODS
The study was conducted in the Department of Prosthodontics, Institute of Dental Studies & Technologies. Ethical clearance for the study was taken from the concerned Institutional Ethical Committee before the commencement of the study. A total of 200 cases were selected from the archives of the department and included those patients who have undergone CBCT examination for various dental treatments from a time period of approximately 3 years, i.e., from August 2014 to August 2017. The age range of the studied patients was from 25 to 50 years. According to the inclusion criteria, CBCT of only those patients was included who had missing posterior teeth. We excluded those cases which had some pathology in the posterior mandibular area and those in which posterior mandibular areas cannot be assessed clearly. For CBCT imaging, we used KODAK™ 9500 CB three-dimensional (3D) system (Carestream, Rochester, New York, USA) with flat panel detector. The mean bone density was determined in the posterior mandibular area where the implant placement was planned. With this method, the measurement of the grayscale image of the CT scan was done, which was used further to measure the bone intensity values HU. Examination for each case was done at a 360° rotation in the occlusal position. For the evaluation purpose, based on bone density, the classification used was: Low density (if marrow spaces filled most of the evaluated bone site: Fig. 1 ), intermediate density (if bony trabeculae filled half of the evaluated bone site: Fig. 2 ), and high density (if bony trabeculae filled most of the evaluated bone site: Fig. 3 ). Two separate observers were selected with more than 5 years of experience to evaluate the selected sample of CBCT images for implant placement. A set of two readings were recorded from each observer with a gap of 1 month in between the two evaluations.
STATISTICAL ANALYSIS AND RESULTS
The two sets of readings obtained from each observer were recorded and tabulated and sent for statistical The mean values were derived and the levels of significance were obtained using one-way analysis of variance. Kappa statistics and ROC were also used to determine intergroup comparisons and to derive the sensitivity and specificity and cut-off points in the intensity values; p < 0.005 was considered statistically significant. This study included a total of 200 patients, of whom 96 were males and 104 were females. The mean age group of the study sample was 42.5 years. Of all the cases studied, a total of 352 implant sites were studied, which included 280 molars and 72 premolars ( Table 1 ). The mean bone density of males was 690.5 ± 104.12 HU, and in females, it was 580.20 ± 120.2 HU. Overall, the mean bone density in the posterior mandible was 628.0 ± 20.19 HU. Means of all the recorded values given by both the observers separately in two sittings are tabulated in Table 2 . Thus, based on all the recorded observations by the two observers, overall, 21% of sites were of low bone density, 39.5% were of intermediate density, and 39.4% were of high density. Concurrently, other implant angulation measures were also done (Fig. 4) . The ROC analysis presented that the CBCT intensity values had a high predictive power for predicting both high-density and intermediate-density sites (p < 0.005).
DISCUSSION
As already discussed by various authors, we know that for the successful placement of implants, assessment of the bone density of that area is very important and that it plays an important role in the success of the osseointegration of the implants. 5, 6 Martinez et al reported, in their study, that in poor bone density, the primary implant stability is lower than on implants placed in denser bone. 7 Recently, the use of CBCT in dentistry has been significantly increased. This is mainly due to the benefits of CBCT, such as patient comfort, lower radiation doses, and lower cost in comparison to the conventional CT. In a study conducted by Nackaerts et al, it was reported that the conventional CT showed stable HU values, whereas CBCT results were not as reliable. They justified themselves saying that CBCT values are influenced by various other additional factors, such as the kind of device used, imaging parameters, and its positioning. 8 Thus, in the present study, we assessed the preoperative bone density of mandibular posterior region for implant placement using CT-derived bone densities in HU. The sample size for the present study was a total of 200 patients with a mean age of 42.5 years. In these patients, a total of 352 (72 for premolar areas and 250 for molar areas) implant sites were studied. When we reviewed the literature, we came across several classifications that have been proposed for subjective bone density assessment. 9,10 Lekholm and Zarb, 9 in their classification, graded bone density as: Q1 in which almost the entire jaw has homogenous compact bone, Q2 in which a thick layer of compact bone surrounds a core of dense trabecular bone, Q3 had a thin layer of cortical bone surrounding a dense trabecular bone, and Q4 had a thin layer of cortical bone surrounding a low-density trabecular bone. Later, Rebaudi et al 5 classified the subjective bone density into hard, normal, and soft, and suggested this classification to be used in combination with objective bone density analysis. Some more studies done previously by de Oliveira et al, 11 Norton and Gamble, 12 and Trisi and Rao 13 showed difficulty in the subjective classification of the bone density. Thus, similar to Rebaudi classification, Alkhader et al 14 proposed to classify bone density at implant site into low, intermediate, and high density. In the present study, we also used a similar classification to classify the bone density at the implant site by two different experienced observers.
Gender difference was not significant in the studied sample, but still it was observed that the mean bone density of males was 690.5 ± 104.12 HU and that in females, it was 580.20 ± 120.2 HU. Thus, our results showed that the mean bone density in males was significantly higher than in females. The results of our study were in accordance with the study of Turkyilmaz et al 15 who also reported similar results. Overall, from this study, it was seen that the mean bone density of the posterior mandible was 628.0 ± 20.19 in the mandible. Further, in the study, when we evaluated bone density by two separate observers at posterior mandibular implant sites, it was seen that both intermediate density and high density of bone were commonly found, while low-density type of bone was found to be least in this area. Contrary to this, Alkhader et al 14 reported that almost half of the posterior mandible sites had intermediate density, while the rest had both low-and high-density types of bone. However, both these studies emphasize the importance of site-specific evaluation of bone density before placement of implants. The results of the ROC analysis also presented that the CBCT intensity values had a high predictive power for predicting both high-density sites and intermediate-density sites (p < 0.005). This suggests that the preoperative estimation of density values by CBCT is a reliable tool as compared with the objectively derived bone density. 16, 17 Although this study of ours is among very few such studies, it has some limitations. First, the sample size could be increased to validate our results better. Second, the methodology and instruments used by us in the study cannot be similar for everyone. Factors, such as the shape and size of region of interest and the section of CBCT image being used for evaluation may vary and result in difference in results from other studies. Thus, all these above-mentioned factors may result in variation in the readings and results of different studies, and these results cannot be generalized. The clinical significance of our study lies in that, as we know in the present time, implants are the most predictable treatment option among both patients and the dentists, and thus, the success of treatment is very important to deliver the best results. It has been proved that bone density and implant stability are dependent on each other and osseointegration is important for the success of treatment. With advancements in dentistry and introduction of CBCT, treatment planning and prediction of appropriate implant sites could be made easy and more predictable. Thus, we can say that CBCT can be considered an alternative diagnostic tool for the bone density evaluation during treatment planning for implant placement.
CONCLUSION
Implant-retained dental rehabilitation of missing teeth using CBCT can be considered a preferential diagnostic tool for the bone density evaluation during treatment planning for implant placement. The CBCT images provide 3D outlooks of jawbone both qualitatively and quantitatively. Therefore, for predicting the bone densities in posterior mandible for determining implant sites, CBCT values could be reliably used. Authors also recommend some future long-term studies with higher number of subjects so as to explore the age change occurring in the bone that can affect the treatment longevity and outcomes.
CLINICAL SIgNIfICANCE
The maximum thickness of cortical bone is usually seen in posterior mandible, and therefore, it is very crucial to explore the right bone density in this area of maximum masticatory load. The study results of our assessments clearly indicate that bone density and implant stability are solely dependent on each other, wherein osseointegration is imperative for the success of treatment. However, advancements in the dental imaging science and introduction of CBCT have made the treatment planning quite easy with accurate prediction of future treatment outcomes.
